and Ledoux and Revell (1955) showed in biochemical studies that there was an increase in protein content per cell during the growth of an ascites tumour.
Chester Beatty strain B alb male mice were used throughout. They were boxed in batches of 5 and only disturbed for cleaning and feeding, or removed for injection. The cycle of light and darkness experienced by the mice was not specifically controlled, but they were in darkness from approximately 6.00 p.m. to 8.00 a.m.
Landschfitz ascites tumour
This tumour arose as a sub-line of the hyperdiploid Ehrlich ascites tumour (Tjio and Levan, 1954) and is an extremely well separated ascites tumour with very little clumping of the cells. Infiltration of the peritoneal lining by the tumour cells does not occur until 4 to 5 days after tumour inoculation. The mean time of survival of the mice after inoculation of 2 x 106 viable tumour cells is approximately 19 days (Koller and Veronesi, 1956 ).
Measurement of cytoplasmic solid concentration
Tumour cell samples were extracted from tumour-bearing animals from [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] days after the inoculation of 2.8 x 106 viable tumour cells/mouse, both in the morning (10.00 a.m.) and in the afternoon (4.00 p.m.). Measurements of the individual cells in these samples were made with the interference microscope to determine the cytoplasmic refractive index and thus the cytoplasmic solid concentration. The technique of measurement has been described earlier (Galbraith, Mayhew, Sugar and Roe, 1963 concentrations. This is also seen in the histograms of the measurements taken at 4.00 p.m., though the effect is less marked. Total body weights Fig. 4 shows the mean weight of tumour-bearing animals minus the mean weight of control animals, against time in days. The curve is a measure of the growth of the tumour, uninfluenced by growth of the mice and changes in their diet, which is slightly different each day of the week, giving rise to a small 7-day periodicity of the weight of the mice. Fig. 4 shows that the tumour causes no change in weight until the 4th or 5th day, after which there is a steady increase of about 0 9 g./day/ mouse. 
Cell population calculations
From the counts of mitoses after colchicine treatment for the first 36 hours after tumour inoculation, together with a knowledge of the number of cells in the inocculum, the total number of cells in the tumour at times up to 36 hours after tumour inoculation can be calculated. If the total number of cells at time T is XT and 6 hours earlier is X,, and if the percentage of colchicine metaphases at time T after 6 hours colchicine treatment is c, then
Since the value of c is known for various times, and also the number of cells in the original inoculum, an iterative calculation gives a value for the total number of tumour cells at any time. This can be compared with the total tumour cell counts (Fig. 5) . In the same way, the total number of tumour cells can be calculated at various times up to 16 days after tumour inoculation, by making the additional assumption that the percentage of colchicine metaphases found at 4.00 p.m. is representative for the whole day. The results may again be compared with the actual total tumour cell counts (Fig. 6 ). It will be seen that in both cases the calculated points are significantly low at comparable times (P < 0.05).
DISCUSSION
The comparison between the observed total number of tumour cells and the number calculated from the percentage of colchicine metaphases shows a large discrepancy, the latter figures being too low. This indicates that colchicine, in addition to its ability to arrest initiated mitoses, also reduces the percentages of cells entering mitosis. Tennant and Liebow (1940) found that colchicine had this effect, even in very low doses, on cultured mouse mammary carcinoma cells. However, in more recent experiments Bertallanffy and Lau (1962b) reported that colchicine did not cause any reduction in the number of epithelial cells reaching prophase. McMinn (1958) found that colchicine stimulated dog intestinal epithelium to division, whereas in the same tissue of the cat doses above a critical level seemed to inhibit the cells from entering prophase. An ascites tumour such as the one used in these experiments, which has well separated cells, is in some ways more similar to a tissue culture than to a tissue in vivo. Thus the results reported here suggest that colchicine counts should not be regarded as having absolute validity for this ascites tumour, but that comparison of the counts at different times will effectively show the variations in mitotic activity. The initial rise in percentage of dividing cells is to be expected, and is probably due to the change in environment on transplantation. The subsequent drop at 4-5 days is perhaps an immune response by the mouse which is overcome and gives rise to the secondary increase at 7-8 days. Thereafter the percentage of dividing cells drops again as a consequence of overcrowding. The tumour weight curve agrees with this scheme. The total tumour cells counts when plotted show two stages, before and after 5 days, in each of which the total increase in number of cells is approximately linear with time. These are total cell increases, indicating a progressive fall off in the percentage increase, as seen in Fig. 3 . This pattern again agrees well with the double peak of the colchicine counts. In the same way, the increase in tumour weight is also linear with time after 5 days, (Fig. 4 .)
It will be noted that between young and old tumours there is a ten-fold variation in the percentage of colchicine metaphases, but only a two-fold variation in the mitotic index (Fig. 2) . Bearing in mind that the colchicine count is a measure of the percentage of cells entering mitosis in 6 hours, while the mitotic index is the percentage actually in division at a given time, this indicates that the cells take longer to complete mitosis in an old tumour.
The doubling time for the tumour, the time for the tumour to double its total number of cells, steadily increases from 12 hours for a 1 day old tumour to approximately 5-5 days for a 7-14 day old tumour. Edwards et al. (1960) found a doubling time of 18 hours in young populations of the related Ehrlich ascites tumour, while Klein and Reve'sz (1953) found that the mean generation times of two ascites tumours increased with the age of the tumour. Hauschka, Grinell, Revesz and Klein (1957) reported similar results.
The colchicine counts taken every 6 hours suggest that there is a diurnal rhythm in the number of cells entering mitosis, but from these data alone rhythm is not certain, as it is obscured by the progressive changes in the number of cells entering division (shown by the colchicine counts every 24 hours for 17 days).
The mitotic index counts show a significant diurnal rhythm (0.02 > P > 0.01).
It is known that DNA synthesis occurs in interphase (Bullough, 1963) . RNA and protein synthesis in turn depend on DNA synthesis. Cytoplasmic protein is the main constituent revealed by cytoplasmic refractive index measurements (Davies, 1958) , and here again diurnal rhythm is shown in the present experiments.
The present studies show that the mitotic index is higher at 4.00 p.m. in this tumour, and at this time in the young tumours the cytoplasmic solid concentration shows a bimodal pattern whose two peaks suggest cells in the pre-and postdivision states. It is not suggested that there is an exact synchrony of cell division. At 10.00 a.m. the young tumours show an unimodal pattern of cytoplasmic solid concentration whose wide spread may indicate different stages of protein synthesis during interphase.
From 10-20 days of tumour age, when the colchicine counts show that the tumour is multiplying slowly, the cytoplasmic solid concentration at 4.00 p.m. shows no bimodality, for it is obscured by the greater proportion of interphase cells. However at 10.00 a.m. the unimodal pattern is even more marked with a smaller spread than that for the young tumours, since more of the older tumour cells are in a steady interphase stage and not synthesizing protein very actively.
It is seen, therefore, that this tumour undergoes diurnal rhythm both in cytoplasmic solid concentration and in mitotic index. If the possibility of such rhythms is not considered misleading results may be obtained in biological or biochemical experiments. There is also the possibility that treatment of tumours may have different effects depending on the time of day at which it is administered. It is probable that different animal room conditions account for the conflicting reports on the presence or absence ofmitotic rhythms in tumours. Echaves Llanos and Badra (1963) have given evidence that mitotic rhythms in tumours are controlled by the light cycle.
SUMMARY
The Landschiitz ascites tumour shows two distinct phases of growth, with a growth minimum at around 5 days. The tumour also shows diurnal rhythm, both in mitosis and in cytoplasmic solid concentration. As the tumour ages, mitosis takes longer and the time for the total number of tumour cells to double increases.
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